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11 the |
the chemical process industries
ave being pressed by a strong en-
vironmental force the 1890
Ulean Alr Aot Amendments

£ ar broader than the narrewly
%wuwd Clean Afr Act of 1970, the lat-
+ amendments have been diesigned to
sharply reduce smog, acid rain and var-
jous environmental pellutants in the
carth’s stmuosphere,

Combined with individual regional
and state regulations, the CAAA de-
clare that o}l major sources of air pollu-
tants (plants emitting 10 tons/vr of any
listed pollutant, or siyr overalll
will be compared against 12% of their
competitars’ most Hghtly  controlled
plants and will be f\{;::ccteci o perform
st that benchmark level. New plants
will be required to beat the best-con-
trolled plants in the industry, from an
emissions standpoint.

Emissions must be ‘monitored’
To ensure complinnee with these new
(n;d m!)i"ﬂwtﬂ!"a;ﬁ nt standards, process
el must know the quantity of air
s continuously, vspecially sul-
dioxide 150,1, mitrogen oxides
_earbon monoxide (00 and totad
w;efi sutfur {TRS) In many onses,
ity of sffluents will also have to

: .31 mﬁ r('antroﬂefi.

bailers F:_;,_u.m la?, &ugh systems

s ractive analyzers to monitor

hardws v 0 :

cilities.” The mitial cost of & CEM
cluding the revpaisite sensors, support-
ing electronies and building spacel ean
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et gjgﬁligg hardware-baged
continugus
ermigsions monitor

is both capiial ang
mairdenance
intensive, since it
often requires
heated sample
lines and sxtan-
sive corrosion
proofing

Plant DCS

Replace
hardware
emissions monitors
with
adaptive
modeling software
— cnd save

VSO&Mam CEM
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i Meanwhile, the
use of a predictive
software moded
reduces hoth
capital ang
operating costs,
A mobile CEM is
brought onsits to
gather aclual
emissions data
during startup,
ant is used

| periodically to

- re-calibrate the
model

e

pxveed 5200000, with ongoing mainte-
nance vosts to follow, Nonstheless, for
many frpm, this is seen as d oo
daing business in todag’s highly regu
lated environment. When redundant
CEMs are needed, monitoring expenses
an add even more significantly to the
cost of the overall operation,

Process modeling: Not enough
For vears, engineers have sought U
erente mathematieal models of the;r
processes to better eontrol them, Ia
prineiple, any process can be sithiully
modeled so that the medel can “predict”
downstream process cutpul hased o
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FIGURE 2. During
software setup, input
and suiput data are pro-
vided to the software to
model the process, For
# gas-fired boiler,
process inpuls include
" the lemperature and
pressure of the fuel,
indet air and fluegas,
the fuslt Howrate,

and the damper postion

srvieemnse

*During operation,
key operating para-
meters, such as
femperatures and
Pressurss, are con-
Hnuously provided
o the model, which
provides predicied
outputs in real time

in May 1881, Arkansas regulators granted Arkansas Easiman
permission o construct and operale a new 221-milfon-Biy
potier, with & maximum of 21.96 vh of NOx emissions. The
boiler received onfing regulatory cerfification in August 1992, and
gxisting reguiabons required that NOx oulput be cortinually
manitored or mathematically estimated within 380 days.

The plant wanied o avoid the heavy inltial cost ($200,000+3,
pnguing maintenance, dedicated personnel and support sys-
tems required by a fraditional hardware-based emissions moni
tor tneady 1993, the company asked the Arkansas Dept. of Pol-
don Control and Ecology (ADPGE} o congider the use of
adaptive modeding technology as an altemative. The requialors
| agreed 1o an onfine al and verfication of relative accuracy,
| I March 1893, Paviion Technologies” Process insights and
Software CEM adaptive modsling softwarewas developed and in-
stalled on an existing Digital VAX computer al the Arkansas East-
man site. During the maodel’s raining period, NOx emissions data
were colfecied using porlable monitoring equipment and reguia-
tory-approved monitoring methodology.

The plant's distributed control system (DS} monitored 21 key
process vanables simullaneousiy The final data collection and
raining provess took aboul a wesk, Within three weeks, the
model was frained for all operating condiions within the full
range of the boiler, and provided satisfactory correlation be-
tween actual and predicted results (Figure 3}

Shedding light onthe process
in addition 1o s value a3 an emissions monitor, the package had
added value |

n that it can recommend operating practices that
would better control boller operation and reduce emissions. By |

FROM CONCEPT TO IMPLEMENTATION IN 60 DAYS

showing that the temperature of the boller economizer had a far
greater elffect on emigsions than was previously anticipated, the
model provided great insight into the relalionships betwesn
process varsbles and smissions.

On May 12, 1993, representalives from ADPCE witnéssed &
dermonstration of the adaptive model pradicting bofler emdgsions,
Thay judged the method o be at least ss accurate as a standard
hardware CEM.

For any emissions monitor, state requirerments call for an an-
nual relative-acouracy test, to be condusted by an independent
third party. On June 9, 1883, such 2 test was performed by
Hameon Erwironmnental Corp. (Memphis, Tenn.), and showed
that the Software UEM met the 220% relalive-acouracy re-
guirements dictated by EPA's CEM reguistions. Arkansas
Eastman operators are axpecting single-dight accuracy, as
more grperience is gained in training the model. Since regula-
Hongs also require perodic calibration checks, Arkansas BEast
man will bring In portable emission-testing equipment twite a
yaar. Durdng each ong-week calibration check, the model will
also be retrained.

An added benefit of the system is that should a sensor fail dur-
ing hotler operation, the Software CEM system will trigger a DCS
alarm, and will provide calculated estimates until the sensor is

back onfine. Al the Arkansas Eastman facility, the senzor-valida- |

Hon program has demonstraled that up 1o five process sensors
can ba in error withou! comproising the model's mandated pre-
diction accuracy. After regulstory approval was granted o de-
velop the Soltware CEM, the project took less than 80 days to
move from concaeptualization to implementation. To date, onling
time has excesded 99%. 3

upstreans provess behavior, bn practice,
swever, many operators have found

ting tools to be inadequate Lo

:mpétv veabwaorld processes.

variable, database-modeling methods
also assume that process dynamiss can
be simulated through Hnear approxd-
mations of a few key variables, How-

ware package that can be readily used
by the average engineer (hox, p. 381
Thiz produces 3 powerful and accurate
paradigm for the 1990s The ability o

steady-state, lnear
] on 3 select num-
variables. The result is a
oimation of the process.
. more- -aecurate models can be
ped through controlled experi-
s, but these are expensive, may re-
ire plant dewntime, and usually call
for specially trained employess to de-
S and analyze theny,
thiwr methodolegy relies on a group
teehnigues bmadﬁ cajled model
M*"*‘d pradictive contrel, These multi-

ever, since most processes invelving
combustion and heat teanster are in-
herently non-linesr and highly dimen-
sional, such mathematical models have
also been fhund to lack the aecuraey re-
quired to predict air emissions in aceor-
dance with regulatory requirements,

Enter adaptive modeling

Adaptive modeling sofbware integrates
three contemporary technologies
neural  networks, fuzzy  logic and
chaotic systems theory — into a soff-

model dynamie, non-linear processes.
Adaptive technology iz wellsuited
for modeling the processes that typi-
cally gensrate air smissions. Not only
do these programs enable provess engl-
neers to faithfully and flexibly predict
proeess behavier, but they provide di-
rech insight into the process variableg
bhat have the largest impact on the pro-
dugtion of the toxic alr emissions.
Commervially  available programs
can provide setpoint reconunendations,
which often allew the user {6 reduce op-
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Meural networks are a powerful set of
mathematical technigues that “leam™
complex, nondinear processes dirgctly
from historicsl data. Once trained, the
ngural networks can faithiully modal the 0.6

process and predict prooess oulputs BOILEDR #5 NOx EMISSIONS

hased on varying process behavior, ‘
When cougled with analytical and pre- Hardware vs. Software CEM Comparison

dictive techniques used in the study of
chaolic systems, neural nehworks have o
proven thelr value in converiing Histon-
cal opersting data into process models.

Fuzzy logke is a branch of mathemat-
s based on the idea that raditional
trug-or-faise logic cannot deal with sity- | | erating costs while simultaneously in- | <ions Standards for Hazardous Alr Pol-
ations that conlain exceptions, “Fuzzy creasing efficiency and lowering emis- | lutants (Neshapsi may limit, or ex-
rutes” replace determinisic mathematl- | | sions. In this manner, the model should | clude, the use of this technology,

1

"~ TivE 6 hr 12hr 18 he

e

al precimion with the intuitive logic that | | not be viewed as a regulatory burden, During the preparation stage, the
3 an exgert ageralor uses. but as a pollution-prevention teol and | Software CEM must first be "trained,”

Fuzzy logic is particuardy suited for

potential source of improved prof | using historic operating and emissions

complex processes such as .mosa with itability for the company. data. The model is only as ascurate as
mudtiple  inpuls  and  outputs, which o - .
; the input data. Such ervissions data ars

would be difficult or impossible o simu- . . U
ate with iracitional m Eﬁgamaﬂcm mod- | | Experience at the plant site zathered over the typical range of oper-

2i5. Such logic has been extensively ap- | | Une such model, The Software CEM, is | ating rates, using a conventional CEM
pfied in process contol, typically for | | marketed by Pavilion Technologies | system installed in a portable monitor-
applying “uzzy” or “soff” constraints to | | (Austin, Tex.), and i3 based on an appli- | ing trailer. The wllection of real-time
operating vanables. For example, a | | cation developed at the Arkansas Bast- | process and emissions data is facili-
contiol program can be told: "Keep e | | man Div. of Eastman Chemical Co. | tated by the use of & supervisory data-
peassure generally below 100 psl, and | 1 (Ratesville, Ark.). The software model | collection and storage system.
2;’;? ;?; igigﬁii d{hﬁarsi?r?{umifﬁ has been running under a state-issued | Ounce trained to model the operation.
it anedication. & ) ‘ _ 1l operating  permit  at  Eastman's | the system will use real-time operating
hew aprhication, and are a natural com v SR ‘ .
olement to neural networks. Batesville site since e.fu.l}_: ES?E}S thox, p. dg}ta(fmm plant instruments and the
Chaos theory addresses how irregu- | | 59 Thg Spﬁwam CEM  models distributed control system fo prediet
tarities — in process behavior, for ex- | | processes that produce air emissions, | smissions rates that would otherwise
ampie — avolve over time. Since many sueh as industrial botlers, and predicts | be measured with a hardware CEM
chamical processes defy prediction | | emissions based solely on behavior of | system. Since the methodology is

) thraugh raditional mathematical medel- | | the process | Figure 2 generic, it can be customized to provide
! g, chaos theory helps enginsers In what may be the beginning of an | aceurate measurementz of NOx, 50,
Gl and pradict rocess operations In | | jneresting regulatory trend, Arkansas | CO and sther regulated pollutants, ~
e face of mathematically or statisti- | | 414 Texas have now approved the use | In addition, the software creates a
N cally unpredictable process behavior. of adaptive software to predict emis- | “sensor validation modsl” which de-

Adaptive software combines alf three . T o s - . L
of %‘nei o aiﬁ ematical tools into a single | | 51008 I lieu of traditional emissions- | tects the failure of critical process sen-

process model. Simplistically, the neural glnn.it{)t‘ing systems. This suh&t%tutiim sors ‘a‘nd maint\airys the aceuracy of t"a
net models the process, fuzzy logic ap- | | 15 decided on a case-by-case basis dur- | emissions prediction. This is i-zssemm._i\
plias intuitive cperating constraints, and ing permitting.® I should he noted that | since about 15 to 30 sensors are fypi-
chaotic systems theory keeps the mod- | | certain monitoring requirements under | cally required to provide continuous.
Qﬁﬁg’ Brocess on rra;:k in fhe face of un- ‘?"%‘%“A"S XE}&‘ Saurce I{ar{bm&aafz & i Forog reloted siery in thin issoe,, see Guanng up
pradictable process hehavior, 1 Btandards (NSPS) and National Emis- | for Title V operating permits, p. 1424,
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real-time input to the model during
process operation. For o gas-fired
botler, input data such as the tempera-
ium and pressure of the inlet air, nat-
as and fuegas, the fusl Sowrate
and damper position are reguired,
Onee a sensor malfunction has been
detected, the model generates an alarm
for the provess operators, The model
then replaces fatled sensor data aute-
matically, nsing reconstructed values

until the sensor is back online. These |

values, caloulated from recent historie
data, are sufficiently aceurate to main-
tain mandsted emissions-prediction ac-
curacy. All emissions values predicted
hy the program are avtomaticallv sent
o the process operator'’s centrol com-
puter and the plant database svatem.

Born to sing backup

Many companies alreadv have hard-
ware UEMs in place to mest evolving
CAAA monitoring requirements. Some
are alse considering redundant CEM
systems fo meet regulatory standards
that require that substitute data be es-
timated and reported in the event of
CEM downtime 40 UFR Part 751 In
addition to their role as the primary
CEM. adaptive software programs alse
funetion well as a low-cost redundant
systerm, Where allowed, this new tech-
nolo gy 18 vapable of meeting vr exceed-

ing CEM performance and hag the

added vahue of being a tool for waste
mimmization and pollution prevention
through process optimization. B

Edited by Suzanne Skelley
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